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. . Summary
..
..
This note.is one of a series coveringan investiga-
tion of a number of related.airfoils. It presents the
results obtainedfrom te~ts in the N.A.C.A.
;::pn. f T
ariable+3fen-
~nnel .oftwo groups of six airfo 1s each. One
the 44 series,has a maximum mean camber of 4 per
cent ~f the chord at a position 0.4 of the chord behind
the leading edge and the other group, the “64series,has
a maxinum mean camber of 6 per cent of the chord at the
same posztion. The mem%ers wit-bineach group differ only
in maximum thickness,the maximum thickness/chordratios
being: 0.06, 0.09, 0.12, 0.15, 0.18’and 0.21. The results
are analyzedwith a view to indicatingthe variation of
the aerodyn-amicharacteristicswith profile”thicknessfor
airfoilshaving a certainmean camber line form.
.,
Introduction
A large number of related..airfoilsare being tested
3 /
in”the ariabl~ ensity”#.nd fi~ae~ of the ~?ationa~Advi-
sory ommittee or Aeronauticswith a view to establishi-
ng the relationbetween the geometricand the aerodynamic
characteristicsof airfoils at a high value of the Reynolds
Nu.mler. The method em~loyedto develop the airfoilshav-
ing varying geometricproperties is describedin detail
in references1 and 2. Briefly, the profiles are obtained
by combiningcertain thicknessforms (reference1) with
severalrelated mean camber line forms~(~ference 2~)o The
airfoilsare designatedby a number of four digits: the
firs,tindicatesthe maximum mean camber; the second,the
po,sitionof maximum mean canber;and the last two, the
maximum +.h.icknOss.
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Preliminaryresultsalreadypublished includethe
tests oilsix symmetricalN,A,C.A.airfoils,00 series
(refereilce1); the tests on “the43 and 63 series (refer-
ence 2), ard the tests on the 45 and 65 series. (Refer-
ence 3.) Similarpublications‘will:ollowas the tests
arc r!,wde. .
This notepresents the results of tests of two serie;
of six airfoilseach, the airfoilsof Rach seriesh~ving
the safiethicknessforms as those o-fthe symmetricalseries
(reference1) hut having curved instead of straightmean
camber lines, All 12 airfoilshave mean camber lines of
suc:2a fern that the position of the maximum mean camber
is 0.4 of the chord hehipd the leading edge. six of tile
airfoils,the 44 series,have a maximum mean camber of 4
per cent of th”echord,and the other six, tile64 series,
have a maximm mean camber of 6 ‘percent:
Descriptionof Airfoils
The ordinatesof the iY,A.C,A,airfoilswith which
bhj.snot-edeaJ.~”wereobtainedby the method given in
reference2. The mean‘cari’ber“lifiesof these airfoilsare:
From x= Otox=O.4 From x = o*4tox=l
64 series Yc = 6/160(8x- lox~) yc = 6/180(1+ 4X - 5X2)
The ord~ates are given in Tables I to XII, and the pro-
file shajesare shown in Figure 1. !l?hemodels,which are
constl-uctedof duralumin,have a chord of 5 inchesand a
span of 30”iac’hes.The method of constructionis de-
scribed in reference”l,
Tests and Resnlts
Measurementsof lift; drag, and.pitchingmoment about
a point one-quarterof the chord behiad the leading edge
were nade at e.Rej-noldsNunher of a~roximately”S,000?OOO.
A descriptionof t~letunnel and of the method of testing
is given in reference1.
r
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The results are presented in the form o: coefficients
correctedby the method of reference4“to give infinite-
aspect-ratiocharacteristics. Tables XIII to XXIV pre-
se:lttie correctedresults: lift coefficient CL, angle of
attacqkfor infiniteaspect ratio ao, profile-dragco-
efi’icioat
~no* and pitching~oment coefficientabout a
point one-quarter~ofthe chord %ehind the leading edge
%lc/& The profile drag,data.arealso presented in jig-,
ures 2 and 3.
.
.Discussion
Variation of the aerodynamiccharacteristicswith
——. —. —.— —
thickness.- The variation of mini~m profile-draE”coeffi-
-..—.-
cient with maximum thicknes-sis-shownin Fi~;ure4. This
i“elationma;~tieexpressedby the eouation,
~Do rnin = 0.0065 + 0.0083t.+ 0.0972t2+“k
w-here t is the m&ximum thickness/chordratio. The first
thi’eeterms of the above expressiongive the minimumpro-
file-dragcoefficientfor the six symmetricalN.A.C.A.
airfoils. The value of k is constantfor the 44 series
at 2 = 0.0CC6, hut for the 64 series,wariesfrom 0.0013
for the N.A.C.A. 6405 to 0.0021 for the N.A.C..4.5421.
The ca.lc-slatedcurves,using k = 0,0G18 (averagevalue)
for t~e 34 series,and the test points taken from the
faired profile-dragcwrves (figs.2 and 3) are shown in
Figure 4.
Uaximum lift coefficientstaken froiuFigures 5 anti6
are <;ivenin the table below,
Airfoil . Airfoil
4406 1.23 . 6405 1.43
4409 1.60 l.jq)9 1.68
4412 1.61 6412 1.65
4415 1,5? 6415 1.59
l
4418 1.47 6418 1.51
l. 4421 !..37 64~1 1.41
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In ag’reenentwith the resultspreviouslypublished (ref-
erences1, 2, and 3], these resultsshow that the sections
of moderate thicknessgive the highest maximum lift co-
efficients.
The variationof the slope of the lift curve with
thicknessis shown in 3’igure7, The points on the figure
representthe deduced slopesfor an infinite-spanwing as
measured in the angle of attack range in the neighborhood,
of miniuumprofile drag. It will he noted that all of the
points lie below the approximatetheoreticalvalue, 2 n
per radian. These results are in agreementwith previous
results in that the lift-curveslope tends to decrease
with thickness.
The pitching-momentcoefficientsat zero lift are
given in the followingtable,
_ Airfoil Cmo1
I4406 -0.087
4409 -“.086
4412 I .087
1-
4415 ~- .083
4418 - .078
4421 1- .072
Airfoil
——-
6406
6409
6~12
64”15‘-
6418
cm.
.
-0.133
. .129
.125
.119
.110
The variationof Cmo shown in the precedingtable for
airfoilshaving the same mean cam%er line indicates,as
did t:~epreviouslypunished results,that the value of
the moment coefficientdepends Oritiiethicknassas well
:zson the shape of the mean line of the section. It is
apFarentfrom the precedingtable that, fir airfoilehav-
ing the same mean line, the magnitud~of the divingmo--
ment decreaseswith increasingthickness.
The Ci max/ CDO min. ratio has previouslybeen usedas a measure of the ge~e~-alefficienc:~of an airfoil sec-
tion. The variationof this ratio with thicknessis shown
in Fi@re 9. It will le noted that the N.A.C.A.4409
gives the highestvalue of this ratio.
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Variationof the aero?rnamiccfia.Qc~eri~tiQs_E~
—.—
lift or angle of attack.-The variation of profile drag
.—-.——...———-—— .——-
coefficientwith lift coefficientis shown bj”Yigures 2
and 3. I’ollowingt}~eprocedure”given‘inreferences.2
and 3, the variationof the additionaldrag coefficient
due to lift has been,studiedby plott~ng values-of c~o -
CDO fiinagainst (CL - CL o t)a where CL o ‘tis called
the optimum lift coeffi.cien?; that is;,t.he,.l?ftcoeffi-:
cient correspondingto minimumprofile-drag”coefficient.
These plots are given in Figures 10 and 11”:’It is sig-
i~ificant hat the same line titerninedin refereace1
and used .inreferences..?..,ndnd3.may be u~ed here to rep-
renont to a reasonabledegree.of accura~”ythe additional
dra~;coefficientfor the moderatelythick airfoilsat
values of the lift coefficientless than 1. This may not
Se so ap~arent from Figure 11. However, a simple calcu-
lation shows that for a lift coefficientof 1 for the
6415 airfoil, the value of (CL - CL omt)2 is C.44; for
this and lower values the points“lierkasOli&blyclose“to
the line. The profile~rag coefficient.for the moderate-
ly thick airfoils.may thereforebe approximatedby,
CDO = CDO mi.n~ os0~62 (CL - CL oPt)2
Cgo ~ia has been expressedearlieras a functionof tkick-
ncss. —
The optimum lift coefficientvaries with thickness
as well as with camhev, the value increasingwith camber
bnt d.ecreaslngwit~.t’hidlxness.The vaiues if CL opt are
giv~fiin the followingtable,
- Airfoil
4406
4409
4412
4415
4$18
4431
CL opt
0.42
.ZE
..
l 30
-3.6
.17
.11
Airfoil
.——
6406
6409
6412
6415
6418
6421
..
CLopt.
3.52
.53
.44
.34
.25 .
.16 ‘
..
r-
;
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The variationof the pt.iching~momentcoefficientwith
angle of a’ttackor lift “mayle best studiedwith refereace
to thin airfoil theory,which predicts a constantpitching
moment about:a -pointone-quarterof the chord–behindthe
leadingedge. The theory indicatesthat the moment about
this point :i.s constan”t because the center of pressure of
that part of the air force which is due”‘toangular change
is at’the quarter-chordpoint. However, the curves of
Cm.14 against angle of attack (fig. 8) show ~ slope in ‘O
th~’norj~alworking range as did the,correspondingcurves
in references1, 2, and 3. The poi”ntof const-antmomen,t
is tkereforenot exactlyat the quarter-chor~poiilt,bi~t
displacedforward froinit as indicatedin the following
table,
Displacement
-———___ ,(per centof
Airfoil chord)(
1,
440G ~~ 0.2 ‘
4409 .2
.5
I
4415 ~,” 1.0
I
4418 1.4
I ““
4421 “ 1.5
Airfoil_
6406
6409
6412
6415
6418
6421
—
—
.—
--
—
.-
—
0.0 ‘ ‘ $-‘.
.0 —.
+
,6 —
Q
.“
. :-
-+
1.3 “.
1.8
In reference1 the center of ~ressure for symmetrical —
airfoils is shown to be fartherfo~.wardfor the ~hick air-
foils than for thin airfoils. It shonldbe noted here
that the center of pressure and the point of constantmo-
ment for a symmetricalsectiona~.ecoincident,as the only
forces consideredas acting on such a sectio~are those
due to angular change, The present resultsmay bo co:ls~d-
erod as i~dicatin.gthat with increasingprofila thickness
there is & similarprogressiveforward displacementof the
center of Qressure“forthat part of the air forces due to
angular change.
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TA3-LEI
Ordinatesfor Airfoil lT.A.C.A. 4406
(Dimensionsin per cent of chord) _
!
Upper surface
t
Lower surface
——
4
-
Station Ordinate Station ! Ordinate
-.—..——.—
--———-i—------
1.070
2.259
4.694
?.163
2.653
141.668
~9e715
2?.850
4C).GGO
50.059
610,101
70.122
:(-)=1~~
90.080
95.I-J49
1o13,008
Z.3. radius
Slope of raiiu
passiag throl~.G:
er.dof c~or&
———
——
1.176
1.759
2.688
3.432
4.036
5.09CI
5.855
S.747
6.901
6.536
5.836
4.928
3.528
1.942
1.041
.352
.394
@o
i
II
I
I
I
c1
1.430
2.741
5.306
7.837
10.547
1“5.532
2002t35
30.150
40.OCO
49.941
!59.!359
69.EI’79
‘?9.684
fj9.~20
94.951
~9eQ92
i
I
I
o
,-0.684
-e 801
.814
.714
-0 566
.214
.145
.753
1.099
1.243
1.276
1.172
.916
.502
.235
.052
i
!
J_ i———_——-—-- .-————.-— _ -
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TABLE 11
Ordinatesfor Airfoil N.A.C.A. 4409
~i~,e~-sionsin ~q~ cent of c>ord]
—— .—— —
Upper surface i Lower surface
-.. —.—
Stp.tion
4.541
3.9’35
9.479
14.502
19.5’72
:35.7’75
‘40.000
53.@89
30.152
?9.1!33
80.174
90.120
95.C}73
100.013
1.541
2.410
3.555
4.4s9
5.225
~,zt~~
7.284
8.24$
8.351
7.859
;.9?5
5.7%?
4.180
2.3(I2
1,239
.094
.EiG7
4/20
.———.
o
1.526
2.851
5.459
8.005
.
10.521
15..498
49.912
59.846
69.817
79.826
89.?3G0
94.-927
S9.9E!7’
0r85.nate
——
0
-1.149
-1.442
-1.691
-1.750
_.:e7~5
-1.542
-1.284
.746
,-. 351
.081
8
l 133
.258
.264
.142
.037
.094
.——
i
.
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TA3LX 111
. Ordinatesfor Airfoil N.A.C.A. 4412Qj~*~.~on. i=.
-——.—————-._____
Upper surface
—. —— -—____
Station
--—. ——..
.890
.2.018
4.38?’
6,826
9.Z05
14.337
19.429
25.7’00
40.G@o
50.118
6~.2CJ3
70.244
80.232
90.160
95.098
100,01’7
-.
L.E. radius
Slope of rat!ims
passiug throurh
end of chord
—.—.————_——
—.——.
Ordinate
2.1OG
3.053
4.442
5.505
6.381
7.742
8.’710
S.744
S.803
9.1!32
6.114
4.833
2.662
1.438
.125
.—
1.576
4/20
~- cent of chord)
————-—
Lower surface
Station
-————
0
1.510
2.982
5,613
8.174
10.G95
15.663
20.571
30.300
40.000
49.882
59.797
69.756
79.768
89.840
94.902
99.2ez
Ordinate
o
-1.614
-2.085
_2.~68
-2.7E!7
-2.881.,~
,
-2,86.6
-2.710
-2.244
-1.803
-1.404
-1.002
.65’7
.389
.218
.162
.125
—. - “..—
l
.w
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Ordinatesfor Airfoil Q.A..C..A.4415
——
(Dimensionsin pqr cent of chord) ..
—-—
I
Upper surface ! Lower s~face
—— ———-+-_i
Station ~ Grdiaate ! Station
————— ———
~—––––––
.8C0
1.898
4.234
6.658
9.131
14.1’71
lSm28~
29.625
40.000
50.14’7
30.253
70.305
tiG.299
90.200
95.123
100.021
L.Z. radius
Slope of radiui
passiag throvgl
end of chord
.— —.
i-
2.571
3.696
5.317
6.541
7’.54-1
S.069
10.133
11.244
11.254
10.505
9.2S4
7.5’70
5,4#36
3.022
1.642
.157
2.4’s4
,
c1
1.700
3l 102
5.766
8.342
10.869
15.829
20.714
30.375
40.000
49.853
59.747
69.695
79.710
I
I 89.500
~ 94.877
I 99*579
——-—.
—-——
Ordinate
—
0
~2.079
-2.7z3
-3.443
-3.823
-4.041
-4.193
-4.133
-3.744
-3.254
-2.-728
-2.142
-1.570
-1.042
.57s
.3G6
.157
——
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TAELE V
Ordinatesfor Airfoil N.A.C.A, 441S
–.–-___Qpensions in n!
Upper surface
Station
.709
1.778
4.081
6C490
0.958
14.005
19.144
29.550
40.000
50.1?6
50.304
70.366
80.348
90.240
95.147
100.025
Ordinate
...————
3.036
4.337
6.192
7.577
8.696
10.397
11.563
12.’?42
12.7’02
11.829
10.395
8.483
G*142
3,382
1 .838
.187
IL,zo radius I 3.549
Slop6.of radius
~assin~ through
end of chord
_l 4/20-.— -.— — ————. ——
r cent of chord)
—-— -— ——.
Lower surface
Station
o
1.791
3.~~2
5.919
8.510
11.042
15.995
20.856
30.450
40,000
4.9.~24
59.696
69.534
?9.S52
89.750
94.353
59.’375
.—
Ordinate
——-—-—
0
-2.544
-3.369
-4.318
-4.859
-5.19s
-5.521
-5.563
-5.242
-4.702
-4.051
-3.283
-2.483
-1.698
.938
.562
.1.!37
-————
i
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TAS3LEVI
Ordinatesfor Airfoil N.A.C..4.4421
(Dimensionsin I
—— —
Upper surface
—-— .—
Station
.
l 619
1.657
3.929
6.321
8.785
13.840
19.001
29.475
40.000
50.206
60.355
‘?0.426
80.406
S0.280
95.171
100.029
L.E. radius
Slope of radius
passing through
end of chord
——
—-.
Ordinate
—
3.501
4.S80
7.064
8.614
9.853
11.720
12.S89
14.240
14.155
13.152
11.533
9.3S6
6.’7S5
3.743
2.038
.219
4.830”
4/20
—.—
m cent of chord).
—— -——
Lower surface
Station
———-.
o
1.881
3.343
6.071
8.679
1~,215
16.160
20.999
30.525
40.000
49.?94
59.645
69.574
179m5g4
89.720
94.829
S9.S71
Ordinate
.—.———..
o
-3.009
-4.012 .
-!5.190
-5.896
-6.353
-6.844
-6.S89
-5.740 . ‘
-6.155
-5.574
-4.421
-3.396
-2.351
-1.299
.7’62
.219
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TA3Li!!VII
Ordinatesfor Airfoil N.A.C.A. 6406(Jj~me~gj.onsin DI
. . — .- .—— —.
Upper surface
——
Station
--—
.986
2.146
4.549
7.003
9.486
14.5(37
19.5’74
29.’776
40.000
50.088
60.152
70.1.52
30.173
90.11s
95.073
100.C12
L.Z, r~dius
Slope o: rad%us
passing thro-i~h
end of chord
——
Ordinate
1.278
1.985
3cl~6
4.079
4.9’10
6.283
?.337
8.618
8.901
8.480
7.610
6.323
4.633
2.547
~.357
.032
.394
5/20
——
14
r cent of chord)
Lower surface
-——
Station
0
1 .514
2.854
5.451
7.997
10.514
15.493
20.426
30.224
40.000
49.912
59.848
69.818
79.827
89.881
94.92’7
99.988
Ordinate
o
.540
.531
.E14
.001
l 340
1.029
1.663
2.632
S.099
- 3.185
3.056
2.677
2.033
1.119
.559
.062
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TABLE VIII
Ordinatesfor Airfoil N.A.C.A. 6409
(Dimensionsi.nT
—..
Upper surface
Station
.853
1.369
4.323
5.7’54
9.229
14.261
19.361
29.663
40.000
50.132
60.228
70.273
80.260
90.1?9
95.109
100.019
L.E. radius
Slope of radius
passing through
end of chord
——_
———
Orainate
1.’734
‘ 2.614
3.987
5.099
6.053
7.598
8.757
10.114
.
10.351
9.802
8.748
7.234
: 5.282
J 2.905
- 1.553
,. .093
.887
6/20
————
r cent_of chord)
——z
Lower surface
Station
o
1.647
3.031
5.677
8.246
10.771
15.739
20.639
so.337
40.000
49.868
59.772
69.727
79.740
89.821
94.891
99.981
-——...-
Ord.inate
.-——.—. —.
0
.996
-1.li30
-1.175
-1.021
.803
.206
w .243
1.13s
.1.649
1.918
1.766
1.384
.761
.363
.093
.L
.
.
l
,
‘b
%
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T.AJ5LE&
Ordinatesfor Air
(Dimensionsin p’
———
Upper surface
—-
Station
.721
1.792
4.097
5.505
8,’372
14.015
13.149
29.551
40.OQO
50.176
SO.304
‘70.365
80.346
SO.23~
S5.145
100.025
&
L,~a radius
Slope of radius
passing throu~h
end of chord
-.— —.-
Ordinate
2.189
3.243
4.847
6,1~()
7.194
8.909
10.175
11,610
13..803
11.124
‘3.886
8.147
go931
3.252
3..?51
.124
1.576
6/20
—
16
‘oilN.A,C.A. 6412
r cent 01 chord)
.—
Lower surface
-~——
Station Ordinate
—— —
0
1.7’?9
3.~08
5.903
8.495
11.028
15.985
20.851
30.449
40.000
49,824
59.696
69.635
79.s54
89.762
94.355
99.9’75
I o
-1.451
-1.769
-2.035
-2.042
-1 .944
-1.597
-1.175
.360
.197
.542
.780
.853
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TABIIEX
Ordinatesfor Airfoil N.A.C.A. 6415
—
(Dimensionsin-
Upper surface
Station
.589
1.615
3.87’1
S.257
8.’715
13.768
18.936
29.439
40.000
50.220
60.379
70.456
80.433 ‘
90.298
95.182
100.031
L.I!.radius
Slope of radius
passing through
end of chord
Ordinate
--
2.643
3.873
5.706
7.140
8.338
10.225
11.593
13.107
13.254
12.448
11.C24
9.057
6.581
3.619
1.952
.155
2.464
6/20
————
17
r cent of chord)
— .———
Lower surface
Station
. ..—
0
1.911
3.385
6.129
l
8.743 l
11.285
16.232
21.064
30.561
40.000
49.780
59.621
69.544
79.567
89.702
94.818
99.969
Ordinate
..—.—
0
-1.905
-2.419
-2.894
-3.062
-3.088
-2,913
-2.593
-1.857
-1.254
.782
-. 358
.057
.085
.047
.036
.155
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TABLE XI
Ordinatesfor Airfoil N.A.C.A. 6418
(Dimensionsin-
--—.- -—
Upper surface
---—
Station
.457
1.439
3.645
6.008
8.458
l
13.522
18.723
29.327
40.000
50.265
60.455
70.54’7
80.520
90.357
95.213
100.037
L.E. radius
Slope of radius
passing through
end of chord
————..
Ordinate
—— —
3.098
4.501
6.566
8.160
9.4’78
11.540
13.011
l&.603
14.’702
13.771
12.164
9.969
7.234
3.976
2.147
.185
3.549
6/20
—.—-.—
r cent of chord)
——- -—-
Lower surface
Station
——-.
o
2.043
3.561
6.355
8.992
11.542
16.478
21.277
30.673
40.000
49.735
59.545
69.453
79.4&o
89.643
94.782
S9.963
Ordinate
o
-2,360
-3.047
-3.754
-4.082
-4.228
-4.228
-4.011
-3.353
-2.702
-2.105
-1.498
.968
.310
.231
,
.185
-.
“.
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TA3LE XIX
Ordinatesfor Airfoil N.A,C..4.6421
.-—.————_
Station
—————————
.325
1,262
3.421
5.759
8.201
13.276
18.511
29.214
40.000
50.309
60.531
70.638
80.606
90.417
95.254
100.043
L.E. radius
Slope of radi-~s
passing thrcu~h
end of chord
-—————-,.
.———.
Ordinate
———-
3.553
5.130
7e4.22
9.180
10.619
12.850
14.428
16.099
16.155
15.093
13.300
10.878
‘7.884
4.334
2.345
.217
4.830
6/20
—————.
19
r cent of chord)
———-
Lower surface
——— .
Station
—————— —
o
2.175
3.738
6.579
9.241
11.799
16.724
21.489
30.786
40.000
49.691
59.469
69.362
‘79.394
89.583
94.746
99.95?
———
-——————
Ordinate
0
-2.815
-3.676
-4.610
-5.102
-5.369
-5.538
-5.428
-4.849
-4.155
-3.427
-2.634
-1.878
-1.218
.668
.429
.217
..
.
.
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TABLE XIII
Airfoil: N.A.C.A.4406
Average ReynoldsNumber; 3,100,000.
Size of model: 5
v
O inches.
Pressure,StandardAtmospheres: 20.9.
20
Test No.: 651 Variable-DensityTunnel. .&W.lst21, 19310
CL
——-—.-.
-0.305
.004
.146
.304
.459
.610
.912
1.200
“1.22?
1.193
1.14’7
1.04Z
.97’7
— ————..
-7.0
-4.0
-2.5
-1.0
.5
2.1
5.1
8.2
10.1
12.2
16.4
20.7
26.9
___
c~o ‘
0.0G06
.0091
.0082
.C077
.0076
.0081
.0105
.0167 ,
.0594
.1377
.2831
.3822
.511+
—-——.-
..—-
Gmc/4
-0.068
.087
.086
.085
.086
.084
.084
.085
- .082
.099
.155
.182
.195
,.
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TABLE XIV
Airfoil: N.A.C.A. 4409
Average ReynoldsNumber: 3,1’70,000.
Size of Model: 5
w
O inches.
Pressure,StandardAtmospheres: 21.0
21
Test No.: 652 1
————
CL
-0.332
.026
.122
.279
.431
..582
.885
1.176
1,443
1.601
1.492
1.387
1.f351
—.
,riable-Densi
—-
(de~;ees)
-6.9
-3.9
-2.4
.9
.6
2.1
5.2
8.3
11.4
14.9
17.3
19.6
26.7
Punnel. August 24, 1931.
0.0116
.0094
.0089
.0086
.0086,
.0088
.0108
.0141
.0226
.0536
.1687
.2601
.4853
cmc/4
-0.088
.
.086
.085 “
.085
.084
.085
.082
.083
.083
.088
.130
.154
.189
.--.— ——.
l
.
l
.
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TABLE XV
Airfoil: N.A.C.A.4412
Average ReynoldsNum%er: 3,150,000.
Size of model: 5d 30 inches.
Pressure, StandardAtmospheres: 20.8.
22
Test No.: 653 Variable-DensityTunnel. August 25, 1931.
-0.314
.008
.140
.300
.453
.604
.896
1;185
1.444
1.604
1.595
1.520
1.16’7
(de~~ees)
-..— —.
-7.0
-4.0
-2.4
-1.0
.6
2.1
5.2
8.2
~1,~
14.9
16.9
19 2
26.3
———..
CDO
0.0118
.0102
.0097
.0094
.0097
.0100
.0122
.0162
.0243
.0539
.1“077
.1922
.4166
c~c/4
-0.088
.087
.085
.085
.084
.083
.083
.081
.081
.086
.106
.131
.180
,
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TA3LE XVI
Airfoil: N.A.C.A. 4415
Average ReynoldsNumber: 3,110,000i
Size of model: 5 w 30 inches.
Pressure,StandardAtmospheres
Test No.: 654 VariableeDensit:7
-0.314
.019
.139
.290
.443
.592
.884
1,158
1.406
1.570
1.555
1.521
1.247
—.—
,(d~~rees)
—.
-7.0
-3.9
-2.4
.9
.6
2.1
5.2
8.3
11.5
15.0
17.1
19.2
26.0
—--——-— .———
23
20.7.
Wnnel . August 26, 1931.
c~o
.-———
0,0123
.0110
.0105
.0105
.0107
.0110
.0130
.0178
.0282
.0633
.1144
.1732
.3706
——..—
cm
c/4
-0.086
.083
.081
.080
.078
.077
.074
.070
.070
.079
.095
.,
.116
.160
--——=.—..——
l
r
-.
-.
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!?ABLEXVII
Airfoil: N,A.C.A. 4418
Average ReynoldsNum%er: 3,100,000.
Size Of nodel: 5 w’30 inches.
Pressure,StandardAtmospheres: 20.8.
Test No.: 655 Variable~DensityTunnel, August 2’7,1’231.
.--.—
CL
-0.322
.018
.125
.2’73
.426
.5’71
.E-56
1.126
1.356
1,468
,
1.47’1
1.455
1.284
— —————.
(d~~rees)
-t?.?
-3.9
-2.4
.9
.6
2.2
5.3
8.4
11.7
15.3
17.3
19.4
25.9
. ——
CD
0
. ————.
0.0135
.0121
.0116
.0118
.0121
.0128
.0149
.0203
.0341
.0855
.1278
.1809
.3444
.-—- —
c
‘c/4
--
-0.083
.078
.076
.073
.072
.070
.063
.063
.080
.092
l 107
.146
.25I?.A.C.A,TechnicalNote No. 401
‘TABLEXVIII “
Airfoil: N.A.C.A. 4421
Average ReynoldsNumber: 3,110,000.
Size of Model: 5A? 30 inches.
Pressure, StandardAtmospheres: 20.8,
Test No.: 656 Variable-DensityTunnel. August 28, 1931.
..——
CL ‘
-0.335
.045
.099
.245
.386
.532
.805
1.065
1.279
1,360
1.371
1,374
1.361
1.238
—.—
(de~~ees)
-6.9
-3.9
-2.3
.8
.8
2.3
5.4
8.6
11.s
15.7
1’7.6
19.6
20.7
25.1
0.0148
.0134
.0132
.0133
.0139
.0147
.0180
.0251
.0451
.1035
l 1419
,1869
.2149
.3334
cm
c/4
-0.078
.072
,069
.06’7
.064
.06~
.05’7
.055
.060
.077
.088
.099
.105
.134
,\
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TABLE XIX
Airfoil: N.A.C.A. 5406.
AverageReynoldsNumber: 3,100,000.
Size of model: w5 X 30 inches.
Pressure,StandardAtmospheres: 21.0.
26
Test No.: 658 Variable-33ensityTunnel. August 31, 1931.
-.
“.
CL
.—
-0.209t
.136
.295
.449
.60’7
.762
1.056
1.347
1.433
1.391
1.327
1.288
1.182
1.051
-7.3
-4.4
-2,9
-1.4
.1
1.6
4.6
7.7
9.4
11.6
13.8
15.9
20.2
26.7
——
0.0935
.0177
.0092
.0088
,0085
.0090
.0114
.0169
.0299
.0863
.1665
.2504
.3876
.5287
——-
C
~c/4
-0.066
.“129
.131
.133
.133
.135
.136
.136
.133
.131
.146
.173
.209
.22a
.—— ——
..
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TABLE XX
Airfoil: l?.A..C.A.6409
Average ReynoldsNumber: 3,0s0,000.
Size of model: v5 X 30 inches.
Pressure, StandardAtmospheres: 20.8.
Test No.:659 Variable~DensityT.uanel.September1, 1931
-0.160
.146
.299
.456
.610
,’?64
1.055
1.334
1.570
1.575
1.591
1.189
~o(degrees)
.—
-7’.5
-4.5
-3.0
-1.5
.1
1.6
4.6
7.8
11.0
14.’7
18.9
26.2
~Do
.——.———
0.0130
.0106
.0100
.0095
.0094
.0097
.0121
.0181
.0286
.0747
.2175
.4935
27
cnlc/~
.————.
-0.133
.133
.132
.133
l133
l133
.133
.131
.128
.136
.1’77
.216
._____
l.
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TABLE XXI
Airfoil: X.A.C.A. 6412
AverageReynoldsNumber: 3,C60,000.
Size of model: w5 X 30 inches.
Pressure,StandardAtmospheres: 20.7.
Test No.: S60 Variable@Densit;rg~u~nel. Septenber2, 1931.
.——— —z.
CL
“!
.
.
-0.175
.131
.283
.435’
.592
*’740
1.028
1.301
1.531
1.653
1.644
lof5~4
la~&4
–—-”-—---~—--l-–—y————
‘Cr,o
(~egrees) ~
%0 L ‘rflc/4,—— —. —.—+...—.-—..-.—. ——.-—--.-———
,
———
-7.4
-4.4
-2.9
-1.4
.1
1.6
4.7
7.9
11.1
14.7
16.8
18.8
25.6
——
o.Gi29
.0112
.0105
.0104
.0107
.0113
.0136.
.ol~7
.0721
.0771
.].~ag
.175:
.s’J@7
-C.130
,3-28
,1.J7
.127
.-.125
.125
.123
.121
-* 120
.131
.142
.156
.zi]~
w
“.
..
l
.
. .
“.
TABLE XXIII
Airfoil: N.A.C.A. 6415
Average ReynoldsNumber: 3,060,000.
/“
Size of model: v5 X 30 inches.
Pressure,StaudardAtmospheres: 20.8.
Test 3T0.:661 Variable#DensityTunnel. September3, 1931
..——-.—_.
CL
-—-—-.
-0.177
..
.129
.279
.428
.581
.726
1.004
1.269
1.483
1.578
1.591
1,582
1,44.6
--—— -———
——.—
ao
(degrees)
—-—— ——-—
-7.4
-4.4
-2.9
-1.4
.2
1.7
4.8
8.0
11.3
15.0
16.9
19.0
25.4
——---——
—-— .—
CD0
0.0135
.0123
.0120
.0121
.0124
.0132
.0160
.0226
.0398
.0943
.1326
.1772
.3492
.-—., .—
-.——
-0.126
.125
.124
.122
.119
.116
.116
.112
.114
.125
.135
•~A.~
-. 186
-..—— .—
..
b
.
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9!A3E!3XXIII
Airfoil: N,A.C.A. 5418
Average ReynoldsNumber: 3,1OG,OOO.
Size of model: %.5 X 30 inches.
Pressure, StandardAtmospheres: 2C.8.\
30
Test Ko.: 662 Varia31e~ensity Tunnel. September4, 1931.
‘.
.
.
-0.178
.123
.27’0
.417
.561
.’706
,982
1.230
1.421
1.495
1.513
1.509
1,394
-’7.4
-4.4
-2.9
-1.3
.2
1.8
4.9
8.1
11;5
15.2
17.2
19.2
25.5
CDO
0.0144
.0135
.0132
.0135
.0143
.0152
.0188
.0279
.0519
.1125
l 1479
.1s00
.3404
.—— —
-——- .--———
c
~c/4
.——..-———
-0.121
.117
.115
.113
.111
,109
.106 ‘
‘102
.108
.120
-, 129
.143
.171
.—-.——
ll
.
“.
-.
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TABLE X~IV
Airfoil: N.JJ:C.A.6421
Average ReynoldsNumber: 3,039,000.
Size of model: w5 X 30 inchefio .
Pressure, StandardAtmospheres: 20.4.
Test No.: 663 Variabl~ensit;~ Tunnel. September4, 1931.
————-——-.
CL
-0.199
.056
.090
.235
.378
.660
.929
1.165
1.328
1.400
l.(ill
1.409
1.319
,—-
(de~;ees)
-7.4
-5.8
-4.3
-2.7
-1.2
1.9
5.0
8.3
11.8
15.5
17.5
19.5
25.8
——————
~Do
0.0154
.0150
.U174
.0222
.0349
.0683
.1269
.1626
.2000
*3316
-.—— -—
c~c/4
-— ———-—
-0.113
.l~~
.108
.105
.103
.098
.(39$
.094
.101
-, 115
.123
.131
.1s0
.—— .—-—
.
‘.
..“
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